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ABSTRACT

Purpose: The p53 family member p73 displays signifi-
cant homology to p53, but data from primary tumors dem-
onstrating increased expression levels of p73in the absence
of any gene mutations argue against a classical tumor sup-
pressor function. A detailed analysis of the p73 protein in
tumor tissues has revealed expression of two classes of p73
isoforms. Whereas the proapoptotic, full-length, transacti-
vation-competent p73 protein (TA-p73) has a putative tu-
mor suppressor activity similar to p53, the antiapoptotic,
NH,-terminally truncated, transactivation-deficient p73
protein (ATA-p73) has been shown to possess oncogenic
activity. The oncogenic proteins can be generated by the
following two different mechanisms. (a) aberrant splicing
(p73Aex2, p73Aex2/3, AN’-p73) and (b) alternative pro-
moter usage of a second intronic promoter (AN-p73). The
purpose of our study wasto elucidate the origin of ATA-p73
isoforms in hepatocellular carcinomas.

Experimental Design: We analyzed the underlying
mechanisms of p73 overexpression in cancer cells by quan-
tification of p73 transcripts from 10 hepatocellular carci-
noma patients using isofor m-specific real-time reverse tran-
scription-PCR.
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Results: Our data demonstrate that only aberrantly
spliced ATA-p73 transcripts from the TA promoter show
significantly increased expression levels in the tumor
wher eas the AN-p73 transcript generated from the second
promoter is not significantly up-regulated.

Conclusions: Although we only analyzed 10 patient
samplestheresultsstrongly suggest that the elevated activity
of the first promoter (TA promoter) accounts for high-level
expression of both full-length TA-p73 and aberrantly spliced
ATA-p73 isoforms in hepatocellular carcinoma tissues.

INTRODUCTION

The p53 family comprises the following three members:
the prototype tumor suppressor gene p53 and its newer homo-
logues p73 and p63. Although p73 shares substantial homology
with p53, itsrole in human malignanciesis still unclear (1). p73
shares the following characteristic features of the p53 protein:
an acidic, aminoterminal TA domain, a centra core DNA-
binding domain, and a COOH-terminal oligomerization domain
(2). In experimental systems, p73 showed many of the following
p53-like properties: binding to p53 DNA target sites, transacti-
vation of p53-responsive genes, and induction of cell cycle
arrest or apoptosis (2). In addition, p73 is activated by several
p53-inducing stimuli such as DNA damage and oncogenes like
E1A, c-myc, or E2F1 (3-5).

However, despite these similarities, the functions of p53
and p73 in tumorigenesis appear to be fundamentally different.
In contrast to p53, p73 is not inactivated by classic viral onco-
proteins to alow host cell transformation, indicating that p73
may augment, rather than inhibit, viral and cellular transforma-
tion (6). Whereas p53-deficient mice develop spontaneous tu-
mors at high frequencies in various organs, those lacking p73
show no increased susceptibility to spontaneous tumor forma-
tion (7). Instead of the expected mutational inactivation of TP73
in tumors, increased expression levels of wild-type p73 in the
tumor compared with expression levels in the normal tissues
were reported frequently (1, 8). In some cases, overexpression
of p73 could even be correlated with an advanced tumor stage or
poor prognostic parameters (8—10). In hepatocellular carcino-
mas (HCCs), for example, high p73 expression levels were
revealed as an independent prognostic marker of poor patient
survival prognosis (8).

A detailed analysis of p73 in tumor cells indicated the
presence of NH,-terminally truncated p73 proteins (ATA-p73)
in p73-overexpressing tumor cells (11). Because the amino-
termina transactivation domain is missing, ATA-p73 proteins
are transactivation deficient and fail to induce cell cycle arrest
and apoptosis: functions that account for most of the tumor
suppressor activity of p53 (12). Because ATA-p73 proteins
retain DNA-binding competence, they act as dominant-negative
inhibitors of p53 and full-length, transactivation-competent p73
proteins (TA-p73; Ref. 12). In addition, we showed recently that
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ATA-p73 isoforms aso inactivate the retinoblastoma tumor
suppressor RB (13). Comparable with other inhibitors of p53
function such as MDM2 or viral oncoproteins (human papillo-
mavirus E6, adenovirus E1B 55K, SV40 large T antigen), we
could recently show that expression of ATA-p73 results in
malignant transformation of NIH3T3 cells and tumor growth in
nude mice (11). Expression of ATA-p73 was identified as a
strong predictor of unfavorable outcome independently from
other prognostic factors in neuroblastoma patients (10), support-
ing an oncogenic function of ATA-p73. The origin of ATA-p73
proteins, however, is still unclear. Some ATA-p73 transcripts
are generated by aberrant splicing (p73Aex2, p73Aex2/3, AN'-
p73); others are derived from a second intronic promoter
(AN-p73).

Classic oncogenes like adenovirus E1A and c-myc as well
as oncogenic alterations within the RB-p16 pathway leading to
an increased activity of E2F transcription factors were shown to
activate the E2F-responsive TA promoter (4, 5, 14, 15). In-
creased p73 levels in cancer tissues might therefore be attribut-
able to increased transactivation of the TP73 gene by tumor-
associated deregulation of E2F by various oncogenes. In
contrast, the alternative AN promoter has been shown to be
p53/p73-responsive resulting in an autoregul atory feedback loop
(16-19).

In this study, we further investigated the underlying mech-
anism of p73 overexpression in cancer cells by quantification of
p73 transcripts from 10 hepatocellular carcinoma patients using
isoform-specific real-time reverse transcription (RT)-PCR. In-
terestingly, in these hepatocellular carcinoma (HCC) patients,
only aberrantly spliced ATA-p73 transcripts show significantly
increased expression levels in the tumor whereas the AN-p73
transcript generated from the second promoter is not signifi-
cantly up-regulated. Therefore, elevated activity of the first
promoter (TA promoter) accounts for high-level expression of
both TA-p73 and ATA-p73 in this set of HCC samples.

MATERIALS AND METHODS

Preparation of HCC Samples. Tissues samples from
HCC tissue and adjacent normal liver were obtained from pa-
tients undergoing partial hepatectomy. Normal and neoplastic
liver cells were isolated from liver sections of 10 HCC patients
by laser capture microdissection.

Loss of Heterozygosity Analysis.  The polymorphic re-
gion of TP73 exon 2 was amplified from genomic DNA ex-
tracted from microdissected normal and tumor tissues by PCR
using the primers 5'-CAGGAGGACAGAGCACGAG-3' and
5'-CGAAGGTGGCTGAGGCTAG-3'. The PCR product was
then digested with Styl. The presence of the AT polymorphism
creates a Syl restriction site. The products were resolved by
electrophoresis on 3% agarose.

Real-Time RT-PCR. Total RNA was isolated with the
RNeasy Mini kit (Qiagen) according to the manufacturer’'s
protocol and reverse transcribed with Omniscript RT (Qiagen)
using random hexamers (Applied Biosystems). PCR reactions
contained 1X Lithos gPCR SYBR Green | Master Mix (Euro-
gentec), 150 nm of each primer, 2.5 mm MgCl,, and 0.5 mg/ml
BSA (Roche) and were carried out in a LightCycler (Roche
Diagnostics). Amplification products were verified by melting

curves, agarose gel electrophoresis, and direct sequencing.
Standard curves for absolute quantification were obtained with
plasmids containing the various amplicons. Sequences of the
primers shown in Fig. 1 are asfollows: TA-p73 sense, 5'-GGC-
TGCGACGGCTGCAGAGC-3' and antisense, 5'-GCTCAG-
CAGATTGAACTGGGCCATG-3'; p73Aex2 sense, 5'-GGCT-
GCGACGGCTGCAGGGA-3" and antisense, 5'-CAGGCGC-
CGGCGACATGG-3'; p73Aex2/3 sense, 5'-GGCTGCGACG-
GCTGCAGGCC-3' and antisense: 5'-CAGGCGCCGGCGA-
CATGG-3"; AN’-p73 sense, 5-TCGACCTTCCCCAGTCA-
AGC-3' and antisense, 5'-TGGGACGAGGCATGGATCTG-
3’; AN-p73 sense, 5'-CAAACGGCCCGCATGTTCCC-3" and
antisense, 5'-TGGTCCATGGTGCTGCTCAGC-3'. The house-
keeping gene S9 ribosomal protein was quantified with the
following primers: 5'-GATGAGAAGGACCCACGGCGTCT-
GTTCG-3' and antisense 5-GAGACAATCCAGCAGC-
CCAGGAGGGACA-3'.

Control Plasmids, Standard Curves. Amplicons were
individually cloned into the pCR2.1 vector using “TOPO clon-
ing” technology (Invitrogen). In addition, ATA-p73 amplicons
were cloned into the Mscl site of pCR2.1-TA-p73 to obtain
compound plasmids that were used to generate two different
standard curves from the same series of dilutions. By using a
plasmid containing two isoforms in a 1:1 ratio as a template,
equal quantities could be assigned to each dilution point of the
two standard curves. Therefore, generating the standard curves
for the ATA-p73 isoforms in relation to TA-p73 alowed us to
reliably compare copy numbers for all individual isoforms.

RESULTS

Considering the potential relevance of ATA-p73 proteinsin
tumorigenesis, it isimportant to understand the mechanisms that
giveriseto ATA-p73 expression. ATA-p73 proteins are encoded
by at least four different transcripts (Fig. 1). One of them
(AN-p73) is generated from an alternative, cryptic promoter in
intron 3 (AN promoter). Thistranscript wasfirst identified asthe
predominant p73 isoform in developing mice (7). Later, asim-
ilar transcript with high-sequence homology to murine AN-p73
was identified by several groupsin human cells (11, 12, 16, 20,
21). Apart from this “physiological” AN-p73 transcript with a
distinct regulation via an independent promoter, at least three
aberrantly spliced transcripts (p73Aex2, p73Aex2/3, and AN'-
p73) regulated by the first promoter (TA promoter) are found in
human tumor cells (2, 11, 12, 22, 23). Thus, ATA-p73 proteins
are translated from severa different transcripts that are under
the control of two distinct promoters.

Analyzing the ATA-p73 proteins themselves, however,
does not unambiguously reveal their origin. For example, the
AN-p73 protein, which has a 13 amino acid epitope specific for
exon 3B, is not specific for the AN promoter because the TA
promoter-regulated AN’-p73 transcript encodes for the same
protein (Fig. 1D). To assign ATA-p73 production to one pro-
moter, we therefore rely on the analysis of p73 mRNAS, which
contain the information concerning their origin in their se-
quence. The first 78 base pairs of the AN-p73 transcript, for
example, are unique and not present in the AN’-p73 transcripts,
whereas the splice junction exon3/exon3B is characteristic for
the AN’-p73 transcript (11, 12, 21).
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Fig. 1

| soform-specific real-time reverse transcription (RT)-PCR for TP73. A, genomic organization of the TP73 gene locus. Exons are depicted as

boxes and colored according to the following domain structure: red, transactivation domain; orange, exon 3B-derived coding sequence; blue,
DNA-binding domain; green, oligomerization domain; yellow, COOH-terminus. The main COOH-termind («-, B-, y-, 8-, €-, {-isoforms) splice
variations are shown. The transcriptiona start sites of the two promoter regions (TA promoter and AN promoter) are indicated by arrows. Aberrantly
spliced transcripts regulated by the TA promoter are labeled A2 (p73Aex2), A2/3 (p73Aex2/3), and AN’ (AN'-p73). The unique 5'-untranslated region
of the AN-p73 transcript is colored gray. B, domain structure of the full-length TA-p73a isoform (color coding asin A; TA, transactivation domain;
DBD, DNA-binding domain; OD, oligomerization domain; CT, COOH-terminus). C, amino-terminal transcript variations. Indicated is the exon
structure of the individual mRNAs (color coding asin A), the promoter, from which they are transcribed, the encoded protein and their transactivation
potential. Transactivation-competent proteins are named transactivation-competent p73 proteins (TA-p73) and transactivation-deficient NH,-
terminally truncated p73 proteins (ATA-p73). Note that two differently regulated transcripts (AN’-p73 and AN-p73) encode for the same ATA-p73
protein (AN-p73). In addition, the localization of the primer pairs used for real-time PCR assaysis marked by arrows. D, sequences of the sense- and

antisense-primers used for isoform-specific amplification of individual p73 isoforms.

To analyze which promoter is responsible for ATA-p73
production in cancer cells and to quantify individual TP73
transcripts, we developed specific real-time RT-PCR assays
for each isoform. In general, there are two possible ways to
distinguish splice variants directly: (a) use of splice junction-
specific probes or (b) use of splice junction-spanning primers
(24). In the case of splice junction-specific hybridization
probes, the primer pairs do not discriminate the different
isoforms, resulting in a nonspecific amplification of nontar-
get transcripts. At very low target levels, this coamplification
could impair the correct quantification by depletion of prim-
ers or other reagents. Using splice junction spanning primers,
which amplify only the target sequence, avoids the problem
of coamplification. Here, we used primers spanning splice
junctions (TA-p73 sense and antisense, p73Aex2 sense, and

p73Aex2/3 sense), primers detecting sequences unique for a
single transcript (AN-p73 sense), or combinations of primers
that specifically amplify a single transcript (AN’-p73; Fig. 1,
C and D). The primer combinations and corresponding cy-
cling parameters were extensively optimized on the LightCy-
cler system. A representative amplification plot of a standard
dilution series, a duplicate measurement of a single patient
sample, and a no-template-control along with the correspond-
ing standard curve is shown in Fig. 2A. Using hot start
technology, we were able to obtain single amplification prod-
ucts that showed a characteristic melting curve and a single
band of the calculated size on agarose gels (Fig. 2, B and C).
Amplification specificity was further confirmed by direct
sequencing of PCR products. This specificity allowed us to
use SYBR Green | reaction chemistry, thus eliminating the
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Fig. 2 Validation of real-time TP73 reverse transcription (RT)-PCR assays. A, representative amplification plot (left) for the transactivation-
competent p73 protein (TA-p73) isoform showing a standard dilution series (single curves 1-5), a duplicate measurement of a patient sample
(duplicate curves between 4 and 5) and a no-template-control (lower curve). Right, standard curve for TA-p73. B, melting curves for the various
real-time RT-PCR amplicons. C, The p73-Aex2 and AN’-p73 amplicons show a two-step melting behavior but migrate as a single band on agarose
gels, agarose gel of the indicated real-time RT-PCR amplicons. The identity of the amplicons was verified by sequencing. -df, -dFluorescence, dT,
dTemperature (calculated first derivative); bp, base pair(s); TA, transmactivation; SOribP, S9 ribosomal protein.

need for relatively expensive probes and increasing the de-
tection sensitivity, because multiple dyes bind to a single
molecule. As an example for specificity, our assays could
reproducibly discriminate the critical AN-p73 and AN'-p73
transcripts even in the presence of a 10-fold excess of the
competing transcript (Fig. 3A).

Few studies using real-time PCR for quantification of
splice variants probably reflect the difficulties in creating mu-

tually comparable and therefore reliable standard curves for
each variant (24). Knowledge of the copy number ratio between
the corresponding dilution points of both standard curves is
essential to compare the quantities of one transcript to another.
On the basis of the recent report by Vandenbroucke et al. (24),
we constructed compound plasmids containing both the TA-p73
and one of the ATA-p73 amplicons (p73Aex2, p73Aex2/3,
AN’-p73 and AN-p73). Because these plasmids contain TA-p73
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Fig. 3 Specificity of rea-time TP73 reverse transcription (RT)-PCR
assays. A, discrimination of related exon3B-containing NH,-terminally
truncated p73 protein (ATA-p73) isoforms AN’-p73 and AN-p73. AN’-
p73 or AN-p73 were quantified by real-time PCR using either a plasmid
containing the corresponding cDNA as a template or the same amount
of this plasmid in the presence of a 10-fold excess of the competing
cDNA. B, discrimination of full-length and NH,-terminally truncated
p73 isoforms. ATA-p73 isoforms were quantified using a plasmid
containing the corresponding cDNA as a template in the absence (gray
bars) or presence (white bars) of a 10-fold excess of transactivation-
competent p73 protein (TA-p73) cDNA. Equal copy numbers were
determined irrespective of TA-p73 confirming the specificity of our
PCR assays. Errors bars indicate one SD. TA, transactivation.

and ATA-p73 ampliconsin a 1:1 ratio, standard curves for both
could be generated from the same series of dilutions, and results
were directly comparable over a large dynamic range.

Initial experiments and a recent report by Grob et al. (16)
indicated that TA-p73 transcripts are 10-to 100-fold more abun-
dant than AN-p73. To verify the specificity of our ATA-p73
isoform-specific PCR assays, we performed quantification in the
absence or presence of an excess of TA-p73 plasmid. As shown
inFig. 3B, all ATA-p73 transcripts were reproducibly quantified
even in the presence of a 10-fold excess of competing full-
length TA-p73 plasmid.

For quantification of TP73 transcripts in primary tumor
tissues, normal and neoplastic cells were isolated from 10 HCC
patients by laser capture microdissection. The clinicopatholog-
ical characteristics of the patients are shown in Table 1. Four of
the 10 patients were heterozygous for the GC/AT polymorphism
in exon 2 of TP73, but none of them showed a loss of heterozy-
gosity (Table 1). After extraction of total RNA and random-
primed reverse transcription, mRNA levels of individua tran-
scripts (TA-p73, p73Aex2, p73Aex2/3, AN'-p73, and AN-p73)
were quantified by real-time PCR (Fig. 4). In genera, the
TA-p73 mRNA was the most abundant TP73 transcript in

normal liver tissue with 370 + 310 copies/250 ng total RNA. In
contrast, ATA-p73 transcripts were only expressed in a few
samples at very low levels (p73Aex2 in 3 of 10 and mean,
0.47 = 0.93; p73Aex2/3 in 3 of 10 and mean, 5.91 = 10.81;
AN’-p73in 1 of 10 and mean, 0.86 = 2.72; AN-p73in 5 of 10
and mean, 3.61 = 5.03). In neoplastic cells, however, the TA
promoter-regulated TA-p73, p73Aex2, p73Aex2/3, and AN'-
p73 but not the AN promoter-driven AN-p73 transcript were
significantly (P < 0.01) up-regulated. The mean copy numbers
were 7.1-fold higher for TA-p73, 31.5-fold higher for p73Aex2,
7.75-fold higher for p73Aex2/3, 16.3-fold higher for AN'-p73,
but only 2.3-fold higher for AN-p73, indicating that the highest
levels of up-regulation are observed for the ATA-p73 transcripts
regulated by the TA promoter. On the basis of our data,
p73Aex2, p73Aex2/3, and AN’-p73 are the most abundant ATA-
p73 species in neoplastic liver cells.

Looking at individual patients, up-regulation of both TA-
p73 and ATA-p73 transcripts is a common finding in al of the
samples analyzed. Although expression of single ATA-p73 iso-
formsisobserved in afew normal liver samples, only neoplastic
cells show a concomitant up-regulation of al ATA-p73 iso-
forms. However the extent of up-regulation for the individual
ATA-p73 transcripts shows significant interindividual variation
without demonstrating an underlying pattern (Fig. 4A).

These results strongly indicate that the elevated expression
levels of ATA-p73 proteins in HCCs are derived from signifi-
cantly increased mRNA levels of the TA promoter-regulated
ATA-p73 transcripts. Together with the up-regulation of the
TA-p73 transcripts, these data suggest an overal enhanced
activity of the TA promoter in neoplastic liver cells.

DISCUSSION

Increased expression levels of wild-type p73 are a frequent
finding in human tumors. In some cases, overexpression of p73
could even be correlated with an advanced tumor stage or poor
prognostic parameters. In hepatocellular carcinomas high-p73
expression levels were revealed as an independent marker of
poor patient survival prognosis (8). Considering that p73 over-
expression also correlates with poor prognostic parameters in
other tumor types and is observed in approximately 20 to 90%
of all cancer patients, overexpression likely contributes to the
tumorigenic phenotype (1, 8, 10, 25, 26). A detailed analysis of

Tablel Clinicopathological data of HCC? patients

GC/IAT
Case Age/Gender Stage Grade polymorphism  LOH
1 61/M A 2 GC n.i.
2 65/M I 1 GC n..
3 79IM I 1 GC n.i.
4 63/F A 2 GC n..
5 64/M IVA 2 GCIAT -
6 60/M I 2 GCIAT -
7 65/M I 1 GCIAT -
8 70M A 1 GCIAT -
9 50/F I 3 GC n.i.
10 55/M | 2 GC n.i.

HCC, hepatocellular carcinoma; LOH, loss of heterozygosity; M,
male; F, femae; n.i., not informative; —, no LOH.
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Fig. 4 Quantification of TP73 transcriptsin HCCs. A, quantification results for individual patient samples (left, normal liver tissue; right, neoplastic
liver tissue). Shown is the absolute copy number/250 ng of total RNA. B, the box plot shows the absolute copy number/250 ng of total RNA. Similar
results were obtained after normalization for the SO ribosomal protein (S9ribP) as a housekeeping gene (data not shown). The box shows the 25 and
75% quartile surrounding the median. The lines indicate the minimum and maximum copy numbers. Significant differences (P < 0.01; paired,
two-sided t test) between normal and neoplastic cells are labeled with *; n.s., nonsignificant differences. C, comparison of transactivation-competent
p73 protein (TA-p73) transcript number and the total copy number of al NH,-terminally truncated p73 protein (ATA-p73) transcripts including
p73Aex2, p73Aex2/3, AN’-p73, and AN-p73 (*, P < 0.01 paired, two-sided t test). TA, transactivation.

p73 in tumor cells indicated the presence of ATA-p73 in p73-
overexpressing tumor cells (11). Considering that ATA-p73
proteins were shown to promote malignant transformation and
serve as a marker for unfavorable outcome in neuroblastoma
patients (10, 11), the mechanisms that give rise to ATA-p73
proteins are of specia interest. Thus far, several different mech-
anisms have been reported; some ATA-p73 transcripts are gen-
erated by aberrant splicing (p73Aex2, p73Aex2/3, AN’-p73)
whereas others are derived from a second intronic promoter
(AN-p73). In this preliminary study of 10 HCC patients, we
show that ATA-p73 proteins are derived from significantly
increased mRNA levels of the TA promoter-regulated ATA-p73
transcripts.

Considering that classic oncogenes like adenovirus E1A
and c-myc as well as oncogenic alterations within the Rb-p16
pathway that lead to an increased activity of E2F transcription
factors were shown to activate the E2F-responsive TA promoter
(4,5, 14), it isreasonable to assume a direct causal link between

alterations of the RB/pl6 pathway and enhanced TA-promoter
activity. Importantly, the AN promoter-derived AN-p73 tran-
script was not significantly up-regulated in HCCs, which would
be consistent with our data showing that the AN promoter is not
directly regulated by E2F (11). It has been reported that the AN
promoter can be activated by transactivation-competent p53
family members. However, the primary causes of HCC, expo-
sure to aflatoxin B1 and hepatitis B virus infection, are both
associated with inactivation of the p53 tumor suppressor gene
by mutations and allelic deletionsin about 30% of all cases (27).
In addition, the HBx oncogene has been shown to interfere with
p53 function (28, 29). Therefore, inactivation of p53 in HCCs
might contribute to the lack of significant AN-p73 up-regulation
in our study. We believe that the low level of AN-p73 induction
(approximately 2.3 fold) that we observed most likely reflects a
secondary effect because of autoregulatory activation of the
AN-p73 promoter by increased levels of TA-p73 (16, 19).
Considering that p53 inactivation is a common finding not only
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in HCC but in most cancer types, we would expect to find
similar results in other tumors as well. However, more cancer
types need to be investigated to draw general conclusions about
the regulation of p73 expression in tumors.

On the basis of these findings, some recent studies that
correlate high levels of exon3B containing transcripts with
AN-promoter activity need to be interpreted with appropriate
caution (10, 30, 31). The high levels of AN-p73 expression
that were reported to correlate with reduced survival of
neuroblastoma patients might as well be caused by AN’-p73
expression, because the primers used in this study do not
discriminate AN-p73 and AN’-p73 (10). In addition, Zaika et
al. (30) reported tumor-specific up-regulation of AN-p73 in
tumors of various origins including breast, ovary, and endo-
metrium both on the RNA and protein levels. However, the
up-regulation might just reflect changes in AN’-p73 expres-
sion because neither Western blot nor the combination of
primers used in their RT-PCR assays are able to differentiate
between both possibilities. The importance of the TA pro-
moter for generation of ATA-p73 proteins is underlined by
data from O’Nions et al. (32), which demonstrate that p73 is
actually expressed mainly as the TA promoter-derived
p73Aex2 isoform in vulval cancer. For future studies, it is
therefore essential to use discriminating RT-PCR assays to
avoid premature conclusions about the relative activity of the
two promoters and the origin of NH,-terminally truncated
p73 species in cancer cells. Because sample number is very
limited and includes hepatocellular carcinomas only, our data
do not exclude up-regulation of AN-promoter activity in
tumor tissues in general. However, they clearly show that
increases in ATA-p73 expression can be caused by elevated
TA-promoter activity so that this possibility needs to be
addressed in future studies.

An important issue to consider is the ratio of the two
antagonistic p73 protein classes. Unfortunately, we were not
able to quantify the level of up-regulation for the ATA-p73
transcripts exactly and for each individual, because the ATA-
p73 MRNAs p73Aex2, p73Aex2/3, and AN’-p73 are mostly
undetectable in the normal liver tissue. On average, up-regula-
tion of ATA-p73 (approximately 15- to 30-fold) therefore ap-
pears to exceed up-regulation of TA-p73 (approximately
7-fold), which would result in an increase in the ATA/TA ratio,
i.e., a shift to the side of the antiapoptotic ATA-p73. However,
why increased TA-promoter activity would favor generation of
aberrantly spliced transcripts as opposed to full-length tran-
scripts remains obscure.

Still, despite higher levels of ATA-p73 induction, TA-p73
transcripts are approximately 20- to 100-fold more abundant
than ATA-p73 mRNA levels. On the protein level, however, the
increase in the ATA/TA ratio might be more prominent, because
the ATA-p73 proteins were reported to be more stable (12, 16).
Even if TA-p73 and ATA-p73 transcripts levels were elevated
equally, the increased stability of ATA-p73 proteins would
result in higher intracellular concentrations of ATA-p73 and an
increased ATA/TA protein ratio. However, at present, it is not
known how much ATA-p73 activity is required to outweigh the
tumor suppressor function of TA-p73. Just as subtle changesin
the composition of the mitochondrial membrane can decide
about life or death, a dlight increase in the ATA/TA ratio might

be sufficient to convert the TP73 gene from a tumor suppressor
gene into an oncogene.

ACKNOWLEDGMENTS

We thank the technicians from the PCR laboratory for support with
LightCycler real-time PCR.

REFERENCES

1. Stiewe, T., and Putzer, B. M. Role of p73 in malignancy: tumor
suppressor or oncogene? Cell Death Differ., 9: 237-245, 2002.

2. Kaghad, M., Bonnet, H., Yang, A., Creancier, L., Biscan, J. C,,
Vaent, A., Minty, A., Chalon, P., Lelias, J. M., Dumont, X., Ferrara, P.,
McKeon, F., and Caput, D. Monoallelically expressed gene related to
p53 at 1p36, a region frequently deleted in neuroblastoma and other
human cancers. Cell, 90: 809-819, 1997.

3. Costanzo, A., Merlo, P., Pediconi, N., Fulco, M., Sartorelli, V., Cole,
P. A., Fontemaggi, G., Fanciulli, M., Schiltz, L., Blandino, G., Balsano,
C., and Levrero, M. DNA damage-dependent acetylation of p73 dictates
the selective activation of apoptotic target genes. Mol. Cell, 9: 175-186,
2002.

4. Stiewe, T., and Putzer, B. M. Role of the p53-homologue p73 in
E2F1-induced apoptosis. Nat. Genet., 26: 464—469, 2000.

5. Zaka, A., Irwin, M., Sansome, C., and Moll, U. M. Oncogenes
induce and activate endogenous p73 protein. J. Biol. Chem., 276:
11310-11316, 2001.

6. Marin, M. C., Jost, C. A, Irwin, M. S., DeCaprio, J. A., Caput, D.,
and Kaelin, W. G., Jr. Vira oncoproteins discriminate between p53 and
the p53 homolog p73. Mol. Cell. Biol., 18: 6316—6324, 1998.

7. Yang, A., Walker, N., Bronson, R., Kaghad, M., Oosterwegel, M.,
Bonnin, J., Vagner, C., Bonnet, H., Dikkes, P., Sharpe, A., McKeon, F.,
and Caput, D. p73-deficient mice have neurological, pheromonal and
inflammatory defects but lack spontaneous tumours. Nature (Lond.),
404: 99-103, 2000.

8. Tannapfel, A., Wasner, M., Krausg, K., Geissler, F., Katalinic, A.,
Hauss, J., Mossner, J., Engeland, K., and Wittekind, C. Expression of
p73 and its relation to histopathology and prognosis in hepatocellular
carcinoma. J. Natl. Cancer Inst. (Bethesda), 91: 1154-1158, 1999.

9. Novak, U., Grob, T. J, Baskaynak, G., Peters, U. R., Aebi, S,
Zwahlen, D., Tschan, M. P., Kreuzer, K. A., Leibundgut, E. O., Cajot,
J. F., Tobler, A., and Fey, M. F. Overexpression of the p73 gene is a
novel finding in high-risk B-cell chronic lymphocytic leukemia. Ann.
Oncol., 12: 981-986, 2001.

10. Casciano, I., Mazzocco, K., Boni, L., Pagnan, G., Baneli, B.,
Allemanni, G., Ponzoni, M., Tonini, G. P., and Romani, M. Expression
of ANp73is amolecular marker for adverse outcome in neuroblastoma
patients. Cell Death Differ., 9: 246-251, 2002.

11. Stiewe, T., Zimmermann, S., Frilling, A., Esche, H., and Putzer,
B. M. Transactivation-deficient ATA-p73 acts as an oncogene. Cancer
Res., 62: 3598—3602, 2002.

12. Stiewe, T., Theseling, C. C., and Putzer, B. M. Transactivation-
deficient ATA-p73 inhibits p53 by direct competition for DNA binding:
implications for tumorigenesis. J. Biol. Chem., 277: 14177-14185,
2002.

13. Stiewe, T., Stanellg, J.,, Theseling, C. C., Polimeier, B., Beitzinger,
M., and Putzer, B. M. Inactivation of retinoblastoma (RB) tumor sup-
pressor by oncogenic isoforms of the p53 family member p73. J. Biol.
Chem., 278: 14230-14236, 2003.

14. Irwin, M., Marin, M. C,, Phillips, A. C., Seelan, R. S., Smith, D. I.,
Liu, W., Flores, E. R, Tsa, K. Y., Jacks, T., Vousden, K. H., and
Kaelin, W. G., Jr. Role for the p53 homologue p73 in E2F-1-induced
apoptosis. Nature (Lond.), 407: 645-648, 2000.

15. Lissy, N. A., Davis, P. K., Irwin, M., Kaelin, W. G., and Dowdy,
S. F. A common E2F-1 and p73 pathway mediates cell death induced by
TCR activation. Nature (Lond.), 407: 642—645, 2000.

16. Grob, T. J, Novak, U., Maisse, C., Barcarali, D., Luthi, A. U.,
Pirnia, F., Hugli, B., Graber, H. U., De Laurenzi, V., Fey, M. F., Melino,

Downloaded from clincancerres.aacrjournals.org on October 23, 2020. © 2004 American Association for
Cancer Research.


http://clincancerres.aacrjournals.org/

Clinical Cancer Research 633

G., and Tobler, A. Human ANp73 regulates a dominant negative feed-
back loop for TAp73 and p53. Cell Death Differ., 8: 1213-1223, 2001.
17. Nakagawa, T., Takahashi, M., Ozaki, T., Watanabe Ki, K., Todo,
S., Mizuguchi, H., Hayakawa, T., and Nakagawara, A. Autoinhibitory
regulation of p73 by ANp73 to modulate cell survival and death through
a p73-specific target element within the ANp73 promoter. Moal. Cell.
Biol., 22: 2575-2585, 2002.

18. Vossio, S., Palescandolo, E., Pediconi, N., Moretti, F., Balsano, C.,
Levrero, M., and Costanzo, A. DN-p73 is activated after DNA damage
in a p53-dependent manner to regulate p53-induced cell cycle arrest.
Oncogene, 21: 3796-3803, 2002.

19. Kartasheva, N. N., Contente, A., Lenz-Stoppler, C., Roth, J., and
Dobbelstein, M. p53 induces the expression of its antagonist p73 AN,
establishing an autoregulatory feedback loop. Oncogene, 21: 4715-
4727, 2002.

20. Sayan, A. E., Sayan, B. S,, Findikli, N., and Ozturk, M. Acquired
expression of transcriptionaly active p73 in hepatocellular carcinoma
cells. Oncogene, 20: 5111-5117, 2001.

21. Ishimoto, O., Kawahara, C., Enjo, K., Obinata, M., Nukiwa, T., and
Ikawa, S. Possible oncogenic potential of ANp73: a newly identified
isoform of human p73. Cancer Res., 62: 636—641, 2002.

22. Ng,S.W.,Yiu, G. K., Liu, Y., Huang, L. W., Palnati, M., Jun, S. H.,
Berkowitz, R. S., and Mok, S. C. Analysis of p73 in human borderline
and invasive ovarian tumor. Oncogene, 19: 1885-1890, 2000.

23. Fillippovich, I., Sorokina, N., Gatei, M., Haupt, Y., Hobson, K.,
Moallem, E., Spring, K., Mould, M., McGuckin, M. A, Lavin, M. F.,
and Khanna, K. K. Transactivation-deficient p73a (p73Aexon2) inhibits
apoptosis and competes with p53. Oncogene, 20: 514-522, 2001.

24. Vandenbroucke, I. I., Vandesompele, J., Pagpe, A. D., and Messi-
aen, L. Quantification of splice variants using real-time PCR. Nucleic
Acids Res., 29: E68, 2001.

25. Dominguez, G., Silva, J. M., Silva, J., Garcia, J. M., Sanchez, A.,
Navarro, A., Gallego, |., Provencio, M., Espana, P., and Bonilla, F. Wild
type p73 overexpression and high-grade malignancy in breast cancer.
Breast Cancer Res. Treat., 66: 183-190, 2001.

26. Mélino, G., De Laurenzi, V., and Vousden, K. H. p73: Friend or foe
in tumorigenesis. Nat. Rev. Cancer, 2: 605-615, 2002.

27. Levy, L., Renard, C. A., Wei, Y., and Buendia, M. A. Genetic
alterations and oncogenic pathways in hepatocellular carcinoma. Ann.
N.Y. Acad. Sci., 963: 21-36, 2002.

28. Ueda, H., Ullrich, S. J,, Gangemi, J. D., Kappel, C. A., Ngo, L.,
Feitelson, M. A., and Jay, G. Functional inactivation but not structural
mutation of p53 causes liver cancer. Nat. Genet., 9: 41-47, 1995.

29. Wang, X. W., Forrester, K., Yeh, H., Feitelson, M. A., Gu, J. R,,
and Harris, C. C. Hepatitis B virus X protein inhibits p53 sequence-
specific DNA binding, transcriptional activity, and association with
transcription factor ERCC3. Proc. Natl. Acad. Sci. USA, 91: 2230—
2234, 1994.

30. Zaka, A. |., Slade, N., Erster, S. H., Sansome, C., Joseph, T. W.,
Pearl, M., Chalas, E., and Moll, U. M. ANp73, A Dominant-negative
inhibitor of wild-type p53 and TAp73, is up-regulated in human tumors.
J. Exp. Med., 196: 765-780, 2002.

31. Douc-Rasy, S., Barrois, M., Echeynne, M., Kaghad, M., Blanc, E.,
Raguenez, G., Goldschneider, D., Terrier-Lacombe, M. J., Hartmann,
0., Mall, U., Caput, D., and Benard, J. AN-p73a accumulates in human
neuroblastic tumors. Am. J. Pathol., 160: 631-639, 2002.

32. O'Nions, J.,, Brooks, L. A., Sullivan, A., Bell, A., Dunne, B.,
Rozycka, M., Reddy, A., Tidy, J. A., Evans, D., Farrell, P. J., Evans, A.,
Gasco, M., Gusterson, B., and Crook, T. p73 is over-expressed in vulval
cancer principaly as the A2 isoform. Br. J. Cancer, 85: 1551-1556,
2001.

Downloaded from clincancerres.aacrjournals.org on October 23, 2020. © 2004 American Association for
Cancer Research.


http://clincancerres.aacrjournals.org/

AAGCR Jocaiscxmm
Clinical Cancer Research

Quantitative TP73 Transcript Analysis in Hepatocellular
Carcinomas

Thorsten Stiewe, Sebastian Tuve, Martin Peter, et al.

Clin Cancer Res 2004;10:626-633.

Updated version  Access the most recent version of this article at:
http://clincancerres.aacrjournals.org/content/10/2/626

Cited articles  This article cites 31 articles, 9 of which you can access for free at:
http://clincancerres.aacrjournals.org/content/10/2/626.full#ref-list-1

Citing articles  This article has been cited by 7 HighWire-hosted articles. Access the articles at:
http://clincancerres.aacrjournals.org/content/10/2/626.full#related-urls

E-mail alerts  Sign up to receive free email-alerts related to this article or journal.

Reprints and  To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Subscriptions Department at pubs@aacr.org.

Permissions  To request permission to re-use all or part of this article, use this link
http://clincancerres.aacrjournals.org/content/10/2/626.
Click on "Request Permissions” which will take you to the Copyright Clearance Center's
(CCC)
Rightslink site.

Downloaded from clincancerres.aacrjournals.org on October 23, 2020. © 2004 American Association for
Cancer Research.


http://clincancerres.aacrjournals.org/content/10/2/626
http://clincancerres.aacrjournals.org/content/10/2/626.full#ref-list-1
http://clincancerres.aacrjournals.org/content/10/2/626.full#related-urls
http://clincancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://clincancerres.aacrjournals.org/content/10/2/626
http://clincancerres.aacrjournals.org/

